Space use in deserts usually has been considered only along the horizontal dimension; however, vertical structure could be an important variable for habitat segregation among small mammal species. Our study assessed the use of vertical space by small mammals of the Monte Desert by live-trapping animals at different heights. We recorded 1,336 captures of 4 rodent and 1 marsupial species in 27,600 trap nights. All 5 species were captured on the ground and in tree layers, but only the gray leaf-eared mouse (Graomys griseoflavus) and the desert mouse opossum (Thylamys pallidior) used vertical space appreciably. G. griseoflavus used the arboreal space independently of habitat, plant species, or branch diameter, whereas T. pallidior showed a more selective behavior, being present at greater heights and on large-diameter branches of Prosopis trees. All rodent species used lower more than higher parts of arboreal strata. They used vertical space more or only during the dry season when resource availability is low. Our study suggests that vertical structure offers greater opportunities to acquire resources when these are scarce and plays a role in the coexistence of small desert mammals.
Community structure and composition can be influenced by factors such as predation, competition, and use of space and resources, which could be considered as separate axes or dimensions of a species' niche. When resources are scarce and limited, ecologically similar species should show differentiation in at least one of the main niche dimensions to avoid competition (Chase and Leibold 2003; Hutchinson 1957) . Habitat and diet differentiation are proposed to be 2 important mechanisms of coexistence among small mammals (Schoener 1974) .
The use of habitat by desert small mammals usually has been considered only 2-dimensionally; however, the vertical dimension of the habitat also could be important for some species (Harney and Dueser 1987; Meserve 1977; Rosenzweig et al. 1975) . Habitat segregation on a vertical dimension can reduce competition, allowing a greater overlap in the horizontal plane (Dickman 1989; Harney and Dueser 1987; Schoener 1974) . The use of arboreal space thus has been proposed as a characteristic that increases the ecological flexibility of species by enhancing the efficiency of resource exploitation and allows the use of a greater range of environments (Layne 1970) , favoring the coexistence of ecologically and/or morphologically similar species.
Despite the marked vertical stratification observed in some desert environments, studies of arboreal activity in South American desert species are rare (but see Gallardo-Santis et al. 2005 and Meserve 1981) . Although small-mammal assemblages from a Chilean semiarid scrubland exhibit some arboreal activity (Meserve 1981) , the absence of suitable stem diameters for climbing could be a possible explanation for the low use of the arboreal stratum by Chilean mammals (Gallardo-Santis et al. 2005) . Branch diameter, angle, and height seem to be major variables affecting the climbing ability of rodents (M'Closkey 1975; Meserve 1977) . In particular, small-diameter branches make climbing difficult because they provide a low-traction surface. For this reason North American desert rodents (e.g., Peromyscus) might use larger-diameter surfaces more frequently than small ones (Meserve 1977) .
The small mammals of the temperate Monte Desert show differential use of food (Campos et al. 2001; Giannoni et al. 2005 ) and other habitat resources (Albanese 2010 Gonnet and Ojeda 1998; Tabeni and Ojeda 2005) . Although a few studies reported climbing behavior in some species (Corbalán 2004; Corbalán and Debandi 2009) , the importance of vertical space for these small mammals is still unknown. Within Monte Desert assemblages the gray leafeared mouse (Graomys griseoflavus) and the desert mouse opossum (Thylamys pallidior) show morphologies for climbing (Hershkovitz 1962; Tate 1933) . Traits such as a prehensile tail and opposable thumb in T. pallidior and long tail and elongated thumb in G. griseoflavus make these 2 species good candidates to exploit the arboreal stratum of the Monte Desert. Furthermore, this biome, composed of habitat patches with different degrees of complexity and structure (Bisigato et al. 2009; Morello 1958) , is suitable for comparisons to be made among different vegetation units within it and with other desert systems. The aim of our study was to assess the use of vertical space as a mechanism of coexistence by the smallmammal assemblage of the Monte Desert. Specifically, we analyzed which species used vertical space and whether any differences were detected in the use of vertical structure among habitat types, seasons, and vegetation structures.
MATERIALS AND METHODS
Study site.-The study was conducted from October 2005 to August 2007 at the MaB Reserve of Ñ acuñan (34u039S, 67u589W), located in the central plain of Mendoza Province, Argentina. This region belongs to the Monte Desert biome (Morello 1958) , and the MaB Reserve covers an area of 12,300 ha .
The climate is semiarid and strongly seasonal, with hot wet summers with mean temperatures .20uC and cold dry winters with mean temperatures ,10uC (Estrella et al. 2001; Ojeda et al. 1998 (Roig and Rossi 2001) : Prosopis woodlands, consisting of 3-layer patches with Prosopis flexuosa trees, accompanied by a shrub layer of Larrea divaricata, Condalia microphylla, Lycium tenuispinosum, Junellia aspera, and Capparis atamisquea and a lower layer dominated by Pappophorum caespitosum and Trichloris crinita, among other grasses; Larrea shrublands, characterized by no or few trees and high coverage of shrubs, mostly L. cuneifolia, and grasses such as T. crinita; and sand dunes, characterized by low cover of shrubs (Ximenia americana and L. divaricata) and herbs (Aristida mendocina, Panicum urvilleanum, and Portulaca grandiflora, among others).
Sampling design.-During the first year we established trapping grids at 18 sampling sites, 6 per habitat type. In the second year we used 12 of these sites, with 4 replicates of each habitat. The other 6 sites were dropped because of consistently poor capture rates. Each grid consisted of 6 3 6 trapping stations, with 20-m spacing of 36 Sherman live traps (7.5 3 9 3 27 cm; H. B. Sherman Traps, Inc., Tallahassee, Florida) on the ground covering a total area of 1 ha. We randomly selected 10 stations per grid where we also placed a small Sherman trap (5 3 6 3 16 cm), fastened with an elastic band, on a shrub or tree branch of a tree at the center of each capture station (hereafter, tree trapping site). The smaller size of the arboreal traps allowed us to attach them to a wide variety of branches and heights. Earlier trapping showed no differences in trapping success between the two trap sizes (S. Albanese, pers. obs.). Within each grid tree traps were placed at different heights so that they were distributed similarly into 2 arbitrary height categories: lower (,90 cm tall) and upper (90 cm tall; Table 1 ). Once traps were removed after each sampling session, their position on the shrub or tree was marked with a flagging tape so heights remained the same throughout the study. All traps were baited with a mixture of rolled oats, apple, moistened cat food, and peanut butter.
Four trapping sessions per year (8 in total) were conducted, 2 in the wet season (November-March) and 2 in the dry season (April-August). Each trapping session consisted of 5 consecutive nights per grid. Captured animals were identified to species, marked with a harmless dye (picric acid), and then released at the capture site. In all our procedures we conformed to the guidelines approved by the American Society of Mammalogists (Sikes et al. 2011) .
For habitat characterization we set up 2-m 3 2-m quadrats on each station and by eye calibration estimated species richness and percent cover of bare soil, litter, herbs and grasses, subshrubs (shrubs , 100 cm tall), shrubs 100 cm tall, and trees. We also visually estimated percent cover of different vegetation layers at heights of 50, 100, 150, and .150 cm. In addition, at each station we measured trap height, diameter of the branch holding the trap, and basal diameter of the shrub or tree trunk to which the trap was attached (hereafter, branch diameter and basal diameter, respectively). For characterization of habitat complexity we set up 2 perpendicular 50-m transects on each grid. We used the modified point quadrat method (Passera et al. 1983 ) in which we analyzed the same vegetation variables as in the quadrats.
Data analyses.-Because data did not meet the assumptions of parametric analysis, we used Kruskal-Wallis (H) tests to compare trap heights among habitat types in lower and upper arboreal layers. Using vegetation cover data at different heights we assessed habitat complexity by calculating the Shannon-Wiener index (H9) with natural logarithms (MacArthur and MacArthur 1961). We compared habitat complexity among habitats with one-way analysis of variance (Zar 1999) . Data were tested to ensure compliance with assumptions of parametric statistical tests by using Shapiro-Wilks to test for normality (W 5 0.89; P 5 0.0723) and Levene's test for homoscedasticity (F 2,15 5 1.76; P 5 0.20). Post hoc comparisons were performed with a Tukey's test.
To assess the use of vertical space we used the number of individuals caught per 1,000 trap nights. A chi-square goodness-of-fit test with Yates' correction for continuity was used to compare the number of captures in the arboreal and ground-level strata and the number of arboreal captures among or between habitats, height categories (lower and upper), and season (dry and wet) for each species. We also used chi-square goodness-of-fit tests to examine whether the observed frequencies of arboreal captures (o i ) on different plant species were different from what would be expected considering the frequency of their occurrence (availability: p i ). To determine which plant species were drivers of significant differences we calculated 95% confidence intervals (CI[o i ] 5 o i 6 Z a/2 SE) with Bonferroni correction for multiple comparisons (Manly et al. 2002) . All data met the assumptions of the chi-square test (Zar 1999) . A Mann-Whitney U-test was used to detect differences in vegetation structure among sites used and not used for climbing. We performed one test for each species separately and then another test to compare among species. The vegetation variables analyzed were percent cover of different life forms (i.e., trees, shrubs, forbs, and grasses) and vertical layers and basal and branch diameters.
RESULTS
Trap distribution.-Among habitat types heights of traps were similar on the lower layer (H 2 5 0.82; P 5 0.6644), but in the upper layer of Larrea shrubland mean height was lower than in the other habitat types (H 2 5 11.69; P 5 0.0029; Table 1 ). This was due to different trap attachment possibilities to branches and accessibility in this habitat type.
Characterization of habitat type.-The three habitat types showed differences in their vegetation structure. The Prosopis woodland and Larrea shrubland were the most complex habitats (H95 2.02 and H9 5 2.07, respectively), with sand dunes being significantly the least complex (H95 1.91; F 2,15 5 5.92; P 5 0.0127; Tukey test: P , 0.05).
Use of ground versus vertical space.-Of the 27,600 trap nights of effort, 6,000 were in the tree layers (Table 2) . We registered 1,336 captures of 5 species: 4 sigmodontine rodents, the gray leaf-eared mouse (G. griseoflavus), the vesper mouse (Calomys musculinus), the grass mouse (Akodon molinae), and the silky mouse (Eligmodontia typus); and 1 marsupial, the desert mouse opossum (T. pallidior). All species were captured both on the ground and in the arboreal stratum but in different proportions ( Table 2 ). The species most frequently captured in tree traps was G. griseoflavus, followed by T. pallidior. However, only the latter showed no differences in capture numbers between ground level and arboreal strata (x 2 1 5 0.005; P 5 0.94, Fig. 1 ). Despite nearly one-third of traps being arboreal, all 4 rodents were captured predominantly at ground level (more often than expected by chance): G. griseoflavus: 86% of captures at ground level, x 2 1 5 26.04; P , 0.0001; C. musculinus: 97%, x 2 1 5 7.61; P 5 0.006; A. molinae: 98%, x 2 1 5 37.79; P , 0.0001; E. typus: 98%, x 2 1 5 54.45; P , 0.0001 (Fig. 1) . Because of the significantly low capture frequency (,10%) of these last 3 species in the arboreal stratum, all comparisons between ground and arboreal captures were made between G. griseoflavus and T. pallidior.
Habitat types.-Graomys griseoflavus showed no differences in the number of tree captures among different habitats (x 2 2 5 4.13; P 5 0.12). Tree capture numbers of T. pallidior were significantly lower in sand dunes than in other habitats (x 2 2 5 6.17; P 5 0.046; Fig. 2) . Use of different heights.-Captures in both tree layers (lower and upper) were different among species. T. pallidior was captured primarily in the upper layer (70% of captures), which was the one selected significantly (x 2 1 5 4.31; P5 0.037; Fig. 3 ). G. griseoflavus showed no selection for either layer (x 2 1 5 2.23; P 5 0.13) but tended to be found in lower layers (Fig. 3) . However, the highest height recorded was similar for both species: 1.49 m for G. griseoflavus and 1.53 m for T. pallidior. The other 3 species were captured only in the lower layer (,90 cm).
Characterization of vertical space used.-Sites where G. griseoflavus was captured had greater subshrub cover than sites where it was not present (Table 3) . Sites used by T. pallidior had greater tree cover and larger basal diameter than unused ones. The same pattern occurred when comparing sites used by either T. pallidior or G. griseoflavus. We also found T. pallidior in vegetation with larger branch diameter than recorded for unused sites (Table 3) . No significant differences were found for the other vegetation variables.
Plant species used.-The 4 most abundant woody plant species in the study area were L. divaricata (41%), L. cuneifolia (26%), P. flexuosa (18%), and Geoffroea decorticans (12%). Graomys griseoflavus did not use all plant species in the same proportion as available (x Fig. 4 ). Other plant species, such as Condalia microphylla, Atriplex lampa, and Capparis atamisquea, were used by small mammals, but their availability and animal captures were so low that they were not considered in our analysis.
Seasonality.-Graomys griseoflavus used vertical space differently in both seasons, using tree traps mainly during the dry season (x 2 1 5 12.10; P 5 0.0005). T. pallidior, however, was captured equally in tree layers in both seasons (x 2 1 5 0.93; P 5 0.34). Arboreal captures for the other 3 species were too low for statistical analysis, but all of them occurred only during the dry season.
DISCUSSION
Our study indicates that the vertical habitat dimension plays an important role in the coexistence and therefore natural history of some small desert mammals. In Monte Desert assemblages we found that small mammals differed in their degree of arboreality, with the presence of scansorial and ground-dwelling species. We also observed a differential use of arboreal space even among scansorial species. Vertical strata offer an additional way in which space can be 
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ALBANESE ET AL.-USE OF VERTICAL SPACE BY DESERT MAMMALSpartitioned to allow species to coexist. A significant degree of vertical space use also has been recorded in some North American deserts; Rosenzweig et al. (1975) and Meserve (1976) found considerable aboveground activity by heteromyid and cricetid rodents. Meserve (1976 Meserve ( , 1977 showed the importance of vertical space for cricetid rodents to coexist in California scrubland. He found that some species differ in the use of the 3-dimensional habitat on the basis of structural aspects of the vegetation (such as branch angle, branch diameter, or shrub species), but temporal segregation also was important. Despite its importance in the Monte Desert and Californian scrubland, use of vertical space is not necessarily relevant in determining niche partitioning between small mammals in other desert systems. For instance, for small mammals of Chilean scrublands low activity was observed in the vertical stratum (Meserve 1981) . Differences in arboreal activity have been attributed to different availability of appropriate branch diameters on which to climb (Gallardo-Santis et al. 2005; Meserve 1981 ); however, the suitable branch diameter for climbing in a small mammal probably depends on its morphology and its consequent climbing ability. Despite large diameters providing more traction surface, thick twigs are not necessarily suitable for climbing for all species. Some rodents move more easily on thin diameters than on large ones, as is the case of E. typus (A. G. Orofino, IADIZA, Mendoza, pers. comm.). Thinner sizes might offer a better grip on branches. At our study site woodland patches (mainly composed of P. flexuosa or Geoffroea decorticans trees) are particularly common, offering both a wider variety of diameters and larger branches than reported for Chilean or Californian scrublands (Gallardo-Santis et al. 2005; Meserve 1977 Meserve , 1981 . Therefore, in the Monte Desert availability of appropriate branches might not be a limiting factor for arboreal activity, as it seems to be in Chilean deserts.
Previous research on Monte Desert small mammals suggested some degree of niche differentiation when considering trophic and spatial dimensions (Campos et al. 2001; Corbalán 2006; Gonnet and Ojeda 1998; Tabeni and Ojeda 2005) . Specifically, these mammals are mainly omnivorous, with trends toward different food categories, and show preferences for distinct habitat characteristics (Albanese 2010; Ojeda and Tabeni 2009 ). Our study indicates the existence of another niche dimension by which these mammals can segregate and also supports previous research about their different locomotion habits (Hershkovitz 1962; Ojeda and Tabeni 2009; Taraborelli et al. 2003 ). E. typus, A. molinae, and Calomys musculinus are terrestrial, moving mostly over the ground, whereas Graomys griseoflavus and T. pallidior can be considered scansorial.
Regarding terrestrial species, previous studies have shown that C. musculinus consumes large amounts of seeds and prefers habitats with dense vegetation, such as Larrea shrublands. A. molinae also is associated with these habitats but seems to require high grass cover, and its diet includes a large proportion of insects. E. typus, however, is the most omnivorous species of the assemblage and occurs mainly in open habitat, usually being dominant in sand dune environments (Campos et al. 2001; Corbalán 2006; Corbalán and Ojeda 2004; Tabeni et al. 2007 ). Our results showed that these 3 species, although terrestrial, also occasionally climb in lower layers (,90 cm).
Concerning scansorial species, the marsupial T. pallidior uses the ground and vertical space equally. Albanese (2010) observed that although T. pallidior occurs in different habitat types (i.e., woodlands, shrublands, and sand dunes), it selects open areas with low vegetation complexity, and has a diet with a large proportion (,70%) of arthropods, being the most insectivorous species of the assemblage. G. griseoflavus, although scansorial, shows a greater use of the ground than arboreal level. This species, with a primarily folivorous diet, uses a wide diversity of habitats, being dominant in Prosopis woodlands (Campos et al. 2001; Corbalán and Ojeda 2004; Gonnet and Ojeda 1998) .
For this small mammal assemblage segregation in either habitat or food facilitates the coexistence of species. Thus, the use of vertical space can reinforce the segregation of species that overlap in the niche dimensions of habitat and food. This could be the case, for example, in A. molinae and T. pallidior, which have similar body sizes (,30 g) and diets (mainly insectivorous) but different habits regarding space use, not only in the horizontal but also in the vertical dimension; A. molinae is clearly terrestrial and T. pallidior scansorial (Albanese 2010; Corbalán 2006; Giannoni et al. 2005; Tabeni et al. 2007 ; this study). Similarly, in Californian scrublands Meserve (1976) reported a considerable niche overlap between some rodent species due primarily to diet similarities. In this Californian assemblage, however, vertical and horizontal separation are also important mechanisms by which rodents can tolerate high dietary overlap.
In the Monte Desert we observed the differential use of vertical space by scansorial species. Despite T. pallidior using the ground and arboreal layers equally, it selected the highest layers and largest branch diameters. That this marsupial selected P. flexuosa over Geoffroea decorticans for climbing could be related to its dietary preferences. Recent studies have shown that almost 30% of T. pallidior diet is leaves, especially those of P. flexuosa, whereas it seemingly avoids the leaves of G. decorticans (Albanese 2010) . In addition, particular microhabitats are created on patches under Prosopis, where the arthropod community differs in composition from other sites (Flores et al. 2004; Lagos 2004) . These patches provide different prey and probably preferred items for T. pallidior, a marsupial that occasionally preys on eggs of birds and then occupies their tree nests for breeding (Mezquida and Marone 2002; M. Santillán, La Pampa University, pers. comm.) . Therefore, foraging for food and nesting places could be reasons for T. pallidior to use the arboreal stratum.
Our study showed that Graomys griseoflavus uses arboreal space independently of habitat type, plant species, or branch diameter. This rodent has been described as capable of occupying a wide variety of habitats (i.e., xeric habitats, cultivated fields, and riparian forest), showing some flexibility in its preferences (Corbalán 2006; Corbalán and Ojeda 2004; Rosi 1983; Tabeni and Ojeda 2005) . Therefore, it is not surprising that the same variability was observed with the use of vertical space in our study. Unlike for the anatomically similar species Phyllotis darwini (Gallardo-Santis et al. 2005) , branch diameter does not seem to affect the aboveground movements of G. griseoflavus. This species was found on thin Larrea stems and thick Prosopis branches, suggesting that its anatomy is not a constraint for climbing. Occasionally, G. griseoflavus occupies bird nests during the breeding season, and also was seen using holes in the ground (Rosi 1983; S. Albanese, pers. obs.) . Moreover, the diet of G. griseoflavus is composed mainly of leaves of P. flexuosa and Geoffroea decorticans (Campos 1997; Campos et al. 2001 ), both tree species in which this rodent was frequently recorded, indicating a potential association between use of vertical space and foraging behavior.
For some small mammals differential use of vertical space is dependent on the season of the year (Buesching et al. 2008; Meserve 1977 ). In our study Graomys griseoflavus used vertical space mostly during the dry season. Moreover, the other rodents were captured in tree traps only in the dry season, when food resources are low and herbs are almost absent or dry in the Monte Desert (Morello 1958; S. Albanese, pers. obs.) . Therefore, some species should change their diet or extend their foraging area, if possible, to survive (Stephens and Krebs 1986) . Monte Desert rodents have considerable flexibility in their diets, which might be particularly advantageous in arid environments where resources are unpredictable and often scarce (Giannoni et al. 2005) . The use of vertical space could provide additional food sources for the small mammals with the ability to exploit them. A similar pattern was observed in the bank vole (Myodes glareolus), which displays arboreality only under food shortage and with high population densities (Buesching et al. 2008) .
In summary, both scansorial species used arboreal space but in different ways. T. pallidior showed a more selective behavior, preferring the highest layers of P. flexuosa and the most complex habitat, whereas G. griseoflavus showed more generalist behaviors, exhibiting little preference for habitat characteristics but using the vertical stratum mainly during the dry season. Terrestrial species move on the ground but use low heights in woody plants when resource availability is low. Finally, our study showed that small mammals of the Monte Desert perceive and use their environment in a 3-dimensional way. Therefore, vertical habitat structure could play a role in life histories of small mammals in southern deserts. The use of vertical space can reinforce segregation of species that might overlap in any niche dimension and affords more opportunities to acquire resources when these are scarce in the environment.
RESUMEN
El uso del espacio en pequeños mamíferos de desierto ha sido muchas veces considerado sólo en el plano horizontal, sin embargo el espacio vertical puede también ser importante para la segregación del hábitat entre las especies. Nuestro estudio analizó el uso del espacio vertical por especies de un ensamble de pequeños mamíferos del desierto de Monte a través del trampeo de animales a diferentes alturas. Registramos 1,336 capturas de 4 especies de roedores y un marsupial en 27,600 noches-trampa. Las 5 especies fueron capturadas tanto en el suelo como en el estrato arbóreo, pero sólo el pericote común (Graomys griseoflavus) y la marmosa pálida (Thylamys pallidior) usaron significativamente el espacio vertical. G. griseoflavus usa el estrato vertical independientemente del hábitat, la especie de planta o el diámetro de las ramas. T. pallidior en cambio, mostró un comportamiento más selectivo, encontrándose principalmente en el estrato más alto y usando los diámetros de ramas más anchos mayormente de algarrobos (Prosopis flexuosa). Todos los roedores usaron las alturas más bajas del estrato arbóreo y mayormente durante la época seca cuando la disponibilidad de recursos en el ambiente es baja. Nuestro estudio sugiere que la estructura vertical del hábitat cumple un papel importante en la coexistencia de pequeños mamíferos de desierto y ofrecería más oportunidades de adquirir recursos cuando estos son escasos.
